Learning objectives 1. To present common and less frequent imaging findings in TBE.
2.
To address diferential diagnoses
Background
Tick-borne encephalitis virus (TBEV) is a member of the flaviviridae family being transmitted to humans by tick-bite. Other important mosquito-borne flaviviruses include dengue, West Nile, yellow fever, as well as Japanese encephalitis virus. In terms of morbidity, TBEV's frequency is second only to Japanese encephalitis virus among neurotropic flaviviruses. Tick-borne viruses consist of the following three subtypes: the european, siberian and far eastern. The vector of the european subtype is Ixodes ricinus. TBEV is transmitted from the saliva of an infected tick during the bite and the route of entry of TBEV into the brain is believed to be blood-borne. Tick activity spreads between spring and autumn as air temperature rises. Ixodes ricinus is distributed geographically in wide parts of Europe. Within this endemic area TBE is distributed very focally, corresponding to ecological habitats favourable for tick activity. The median incubation time is 8 days (range 4 -28) after tick bite. The infection is characterized by a biphasic course with unspecific flu-like symptoms in the first stage lasting less than one week followed by neurologic symptoms in 20-30% of infected patients after a symptom-free interval. The clinical spectrum in the second stage ranges from mild meningitis to severe encephalitis with or without radiculitis or myelitis. The latter are accompanied by a high frequency of neurological sequelae. The diagnosis of TBE is derived from epidemiological (area of risk for TBE) and clinical (history of tick bite and biphasic course) data as well as demonstration of TBE-specific IgM and IgG antibodies in serum and/or CSF.
Imaging findings OR Procedure details
Leptomeningeal (acute leptomeningitis).Acute leptomeningitis results in congestion and hyperemia due to altered vascular permeability and increased penetrability of the brain-blood barrier. Signs of leptomeningitis are by far less marked as with pyogenic or tuberculous infection and show predilection for the cerebellar folia ( Fig. 1 ) and the basal cisterns (Fig. 2) . Leptomeningeal changes can occur isolated or extend to deeper situated anatomical structures inducing signal abnormalities compatible with encephalitis.Cortical and subcortical (encephalitis).Cortical and subcortical white matter changes are generally discrete presenting as focal areas of patchy or nodular T2-signal hyperintensities or are garland-like configurated (Fig. 3, 4 , 5, 6). Sometimes, periependymal white matter signal abnormalities can accompany menigitis (Fig.  5) .Thalamus. Thalamic hyperintense spots that can be uni-or bilateral, focal or more diffuse in character (Fig. 7, 8 , 9, 10, 11, 12, 13, 14), or can involve only the thalamic pulvinar ("the pulvinar" sign) (Fig. 12) . Differentiation from demyelinating disorders like multiple sclerosis (MS) or acute disseminated encephalomyelitis (ADEM), but also from venous infarction (thrombosis of the internal cerebral veins) or cerebral stroke (tip of the basilary thrombosis or infarction due to thrombosed artery of Percheron), Behcet's disease must be considered together with other more seldom differentials like hepatic encephalopathy, drug abuse or Creuzfeld-Jakob disease and judged in the given clinical setting.The striatal nucleus and the internal capsule can also be involved in a more or less symmetrical fashion. Direct or indirect (demyelination) involvement of the long tracts (e.g. pyramidal tract) may also occur (arrow on Fig. 14) .MagneticResonance-Spectroscopy (MRS). The double peak (arrows) at 1.3 ppm (lactate) suggests in such cases accompanying necrosis (Fig. 15) .Involvement of brainstem and posterior fossa resembles that reported in patients with Listeria meningoencephalitis as well as that known from other viral infections (e.g. adenovirus, West Nile virus, etc.). Signal abnormalities (hyperintensity) on nonenhanced T1-weighted scans similar to those described by the hemorrhagic Japanese encephalitis have not been described with TBE.Tick-borne encephalitis virus has a special affinity to the gray matter including the anterior horn cells. Hyperintense lesions on T2-weighted scans in the anterior parts of the cervical cord consistent with myelitis are usually seen (Fig. 19,21,22 ). Contrary to their cerebral and cerebellar counterparts, spinal cord lesions often enhance markedly (Fig. 20) . Segmental involvement is usual and can be accompanied by local or spread leptomeningeal contrast enhancement. On axial T2-weighted images, hyperintense abnormalities project on the anterior horns and are sometimes difficult to differentiate from the so-called "snake or owl eyes" described in cord ischemia (Fig.  23 ). Preferred localization of cord ischemia is however, in the thoracolumbal junction, as the collateral arterial supply in the cervical cord is more abundant. Ventral or central edema, symmetrically involving all or more than the anterior horns, should suggest the possibility of infarction. Other viral radiculomyelitis agents causing spinal nerve blood barrier breakdown are to be considered as well as Guillan-Barre syndrome, chronic inflammatory demyelinating polyneuropathy, sarcoidosis, neuroborreliosis, AV malformation with venous stasis, arachnoiditis, funicular myelosis and transverse myelitis.
Images for this section: Fig. 1 ) and the basal cisterns (Fig.  2) . Leptomeningeal changes can occur isolated or extend to deeper situated anatomical structures inducing signal abnormalities compatible with encephalitis.
Fig. 3:
Cortical and subcortical white matter changes are generally discrete presenting as focal areas of patchy or nodular T2-signal hyperintensities or are garlandlike configurated (Fig. 3, 4 , 5, 6). Sometimes, periependymal white matter signal abnormalities can accompany menigitis (Fig. 5) .
Fig. 4:
Fig. 5:
Cortical and subcortical white matter changes are generally discrete presenting as focal areas of patchy or nodular T2-signal hyperintensities or are garlandlike configurated (Fig. 3, 4 , 5, 6). Sometimes, periependymal white matter signal abnormalities can accompany menigitis (Fig. 5 ).
Fig. 6:
Thalamic hyperintense spots that can be uni-or bilateral, focal or more diffuse in character (Fig. 7, 8, 9 , 10, 11, 12, 13, 14), or can involve only the thalamic pulvinar ("the pulvinar" sign) (Fig. 12) .
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Fig. 11:
The striatal nucleus and the internal capsule can also be involved in a more or less symmetrical fashion. Direct or indirect (demyelination) involvement of the long tracts (e.g. pyramidal tract) may also occur (arrow on Fig. 11-15 ).
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Fig. 16:
The double peak (arrows) at 1.3 ppm (lactate) suggests in such cases accompanying necrosis (Fig. 16) . ). Signal abnormalities (hyperintensity) on nonenhanced T1-weighted scans similar to those described by the hemorrhagic Japanese encephalitis have not been described with TBE ( Fig. 17-19 ). ). Signal abnormalities (hyperintensity) on nonenhanced T1-weighted scans similar to those described by the hemorrhagic Japanese encephalitis have not been described with TBE ( Fig. 17-19 ). ). Signal abnormalities (hyperintensity) on nonenhanced T1-weighted scans similar to those described by the hemorrhagic Japanese encephalitis have not been described with TBE ( Fig. 17-19 ).
Fig. 20:
Tick-borne encephalitis virus has a special affinity to the gray matter including the anterior horn cells. Hyperintense lesions on T2-weighted scans in the anterior parts of the cervical cord consistent with myelitis are usually seen (Fig. 20-24 ). Contrary to their cerebral and cerebellar counterparts, spinal cord lesions often enhance markedly. Segmental involvement is usual and can be accompanied by local or spread leptomeningeal contrast enhancement. On axial T2-weighted images, hyperintense abnormalities project on the anterior horns and are sometimes difficult to differentiate from the so-called "snake or owl eyes" described in cord ischemia).
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Conclusion
Imaging findings inTBE resemble those of other infections going along with meningoencephalitis, but predilection for thalami, basal ganglia and cerebellum as well as for the anterior horns of the spinal cord should suggest the possibility of TBE.
